ABSTRACT. The aim of this study was to assess the clinical value of diagnosing and locating lower gastrointestinal (GI) bleeding using single photon emission computed tomography (SPECT)/computed tomography (CT) fusion imaging with 99mTc labeled red blood cells ( 99m Tc-RBC). Fifty-six patients with suspected lower GI bleeding received a preoperative intravenous injection of 99m Tc-RBC and each underwent planar, SPECT/CT imaging of the lower abdominal region. The location and path of lower GI bleeding were diagnosed by contrastive analysis of planar and SPECT/CT fusion imaging. Among the 56 patients selected, there were abnormalities in concentrated radionuclide activity with planar imaging in 50 patients and in SPECT/ CT fusion imaging in 52 patients. Moreover, bleeding points that were coincident with the surgical results were evident with planar imaging in 31 patients and with SPECT/CT fusion imaging in 48 patients. The diagnostic sensitivity of planar imaging and SPECT/CT fusion imaging were 89.3% (50/56) and 92.9% (52/56), respectively, and the difference Z.G. Wang et al.
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INTRODUCTION
Lower gastrointestinal (GI) bleeding refers to hemorrhage or blood loss in the colon and rectum (Weldon et al., 2008; Okazaki et al., 2009) . Colon diverticulitis and angiodysplasia (including varication) are among the main causes of lower GI bleeding. Although more than 80% of bleeding is caused by angiodysplasia and 75% by diverticular hemorrhage, bleeding can cease spontaneously in some patients (Lee and Laberge, 2004; Lim and Ahmed, 2004) ; however, there is a chance of bleeding recurrence if the patients remain untreated. The mismanagement of such cases can not only delay treatment but also increase the difficulty of diagnosis and treatment.
Several methods are currently used for lower GI bleeding diagnosis including X-ray barium meal fluoroscopy, fiber optic endoscopy, selective digital subtraction angiography (DSA), and abdominal laparotomy. Some methods, however, cannot locate the hemorrhage site accurately due to anatomical features, as well as diversity and complexity in causal factors. Some cases may not even be diagnosed during surgery, thus resulting in post-operative bleeding recurrence. Therefore, confirmation of the hemorrhage site is essential for treatment and prognosis. The positive percentage of acute GI bleeding and vasculopathy diagnosis by X-ray GI imaging, such as barium meal, barium enema, and pneumobarium double-contrast imaging, is low. The diagnosis rate of pneumobarium double-contrast imaging is approximately 25 to 60%. When using fiber optic endoscopy for acute massive hemorrhages, the large amount of blood present can obscure visual detection; thus, identifying the location of the hemorrhage site can be difficult. Fiber optic endoscopy is also not particularly advantageous for locating hemorrhage sites that are far from the checkpoint or for locating unobvious vasculopathy during bleeding cessation (Yu et al., 2006) . DSA, on the other hand, has a high hemorrhage site detection rate and can diagnose bleeding, occurring at a rate of as low as 0.5 mL/min, in 50 to 72% of patients. Super-selective arteriography also has a high diagnostic accuracy for the detection of intestinal tumors and vasculopathies, and the accuracy of this procedure in the active bleeding phase is approximately 90% (Lu et al., 2001 ). However, DSA is an invasive technique (Wu et al., 2007 ) that can be intolerable for patients with serious conditions; therefore, DSA is unsuitable for repeat examinations, as well as in patients with combined coagulation disorders or renal inadequacy, or those who are allergic to contrast medium. Exploratory laparotomy can also exhibit a certain degree of inaccuracy in detecting GI bleeds, and patients are unlikely to consent to this procedure. Therefore, there is a still a need for a more safe, convenient, and highly efficient detection method. Single photon emission computed tomography (SPECT)/computed tomography (CT) fusion imaging is a non-invasive, simple, convenient, and safe method that can support positioning diagnosis for unexplained lower GI bleeding. This article provides a retrospective analysis of lower GI bleeding SPECT/ CT fusion imaging in 56 patients from 2003 to 2011.
MATERIAL AND METHODS

Clinical data
This study included 56 patients (42 males and 14 females) between the ages of 14 and 76 years. All study patients were admitted to the General Hospital of the Shenyang Military Region (Shenyang, China) between 2003 and 2011. Ethical approval was sought and received from the hospital ethics committee, and all study-related procedures were conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent was also obtained from each participant. Clinical symptoms of the study patients included hemafecia, tarry stool, bright red or dull red stool, and bleeding of approximately 45 mL/d to 1200 mL/d. The courses of disease among the patients varied from 1 day to 6 years and 3 months on average. Of the 56 patients, 12 presented with blood shock and 5 had a history of GI surgery. Fibercolonoscope checks conducted before surgery showed no abnormalities. All the patients underwent SPECT/CT fusion imaging with 99mTc labeled red blood cells ( 99m Tc-RBC) for diagnosis and localization; 48 patients proceeded with exploratory laparotomy to identify the bleeding focus; 6 patients opted for fibercolonoscopy for hemostatic therapy according to the positioning diagnosis results, and 2 patients self-recovered with conservative treatment.
Preparations
Patients were administered 400 mg KClO 4 approximately 1 h prior to scans to close the gastric mucosa.
Imaging agent
In this study, an in vivo labeled red blood cell (RBC) method was used. Patients were injected with stannous pyrophosphate intravenously by 0.5 to 1 mL injection, 30 min following the oral administration of 400 mg KClO 4 . Patients then assumed the supine position, and after 15 min, they were administered 99m TCO 4 -elutriant 370 MBq (10 mci) by intravenous injection.
Imaging methods
The equipment used in this study was U.S. GE VG-Hawkeye multi-functional double probes SPECT/CT (GE Healthcare, VI, USA) with the following specifications: low energy, general parallel aperture collimator, energy peak at 140 keV, window width of 20%, and matrix of 128 x 128. The probe was adjusted to the abdomen (from the processus xiphoideus to pubic symphysis), and the patient assumed the supine position. Patients were then intravenously administered 99m TCO 4 -elutriant 370MBq (10 mci), and initially, 30 frames were acquired consecutively for blood perfusion phase dynamic imaging at a rate of 3 s/frame, following which 60 frames were acquired consecutively for blood pool phase dynamic imaging at a rate of 1 s/frame. Patients who still showed negative results after 60 min were required to undergo delayed imaging at 2, 4, and 8 h, or even at 24 h if necessary. When the planar imaging abnormality ended, nuclide tomography, CT tomography, and imaging fusion were conducted. The results were expressed either as positive or negative. The determination criteria of a positive result were the presence of abnormal radionuclide concentration foci in the abdomen on multi-frame images, in which the local radioactive distribution concentrated gradually by time; the followed intestinal canal began to image successively, and the bleeding site could be determined as the earliest abnormal radioactive foci. A negative result indicated that no bleeding or slight bleeding was detected during the procedure.
Data processing
All statistical analyses were performed using the SPSS 10.1 software. Chi-square (χ 2 ) analysis was used for both planar imaging and fusion imaging data. P < 0.05 was considered to be significantly different.
RESULTS
Among the 56 cases, lower abdominal, abnormal radioactive concentrated loci were detected in 50 planar images and 52 fusion images. Fusion imaging diagnosis located bleeding in the ileocecum, terminal ileum, flexura hepatica coli, transverse colon, and flexura lienalis coli in 28, 13, 6, 2, and 3 patients, respectively. Images from a 51-year-old male and 10-year-old male included in the study are provided in Figure 1 and Figure 2 , respectively. Of these 52 patients, the positioning diagnostic results were coincident with the surgical results in 48 patients. In the other 4 patients, the procedure had to be terminated due to abdominal pain during imaging, and the results of these patients were considered negative. Planar imaging located bleeding in the ileocecum, terminal ileum, flexura hepatica coli, and flexura lienalis coli in 26, 11, 4, and 1 patients, respectively. However, bleeding in 8 other patients could not be located due to unrecognized anatomical sites. Of these 42 patients, the results were coincident with the surgical results in 31 patients. The diagnostic sensitivity of planar imaging and SPECT/CT fusion imaging were 89.3% (50/56) and 92.9% (52/56), respectively, and the difference was not statistically significant (χ 2 = 0.11, P > 0.05). The corresponding positional accuracy values were 73.8% (31/42) and 92.3% (48/52), and the difference was considered to be statistically significant (χ 2 = 4.63, P < 0.05). Tc-RBC effused from middle and lower segments of the ascending colon near the ileocecal junction and formed column shape abnormal nuclide concentrated foci which suggested bleeding in this region, and was confirmed during surgery the following day. Tc-RBC effused from middle and lower segments of ascending colon near the ileocecal junction and formed abnormal column-shape nuclide concentrated foci, suggesting the bleeding site in this region. This was later confirmed by surgery during the following day.
DISCUSSION
This study assessed the clinical value of SPECT/CT fusion imaging for diagnosing and determining lower GI bleeding, which refers to bleeding under the Treitz ligament. The main causes of this condition include intestinal malignant tumors, polyposis intestinalis, Meckel's diverticulum, vascular malformation, inflammatory bowel disease, and trauma. Routine examinations may be limited or hindered by patient-based factors, as well as individual variability with regards to characteristics of the lower digestive tract. Although most patients will stop bleeding spontaneously without undergoing any specific intervention, the clinical condition of these patients can be potentially life-threatening particularly when there is clinical evidence of blood volume loss from an indeterminate site (Suzman et al., 1996) . Viable therapeutic results can be achieved when a multi-disciplinary approach is pursued (Vernava et al., 1997) . In a majority of patients, the site of the hemorrhage can be localized and managed endoscopically. In a variable percentage of cases, however, the source of bleeding remains unknown, and these patients may need to undergo emergency surgical resection (Anthony et al., 2007) .
Localization of the hemorrhage site before treatment is therefore of the utmost importance to avoid blind resection, which is associated with a high rate of morbidity and mortality (Rockey, 2006) . In particular, the source of a lower GI hemorrhage can often be difficult to localize accurately, and clinicians still disagree over which is the most reliable diagnostic test to use (O'Neill et al., 2000) . For instance, endoscopy, angiography, multi-slice CT, capsular endoscopy, and RBC scintigraphy all have distinct advantages and disadvantages for the diagnosis of bleeding in the GI tract.
Endoscopy has the potential benefit of being both diagnostic and therapeutic. Nevertheless, bleeding sites can be difficult to visualize during severe hemorrhaging, even by the most skilled operator. Intermittent GI bleeding can also lead to inaccurate diagnosis. Colonoscopy is unable to detect bleeding in the small intestine (with the exception of the ileal region) and is relatively invasive, with risks that include bowel perforation, exacerbation of bleeding, and septicemia (Lu et al., 2001) . Endoscopic examination of the colon is also often difficult when active bleeding may obscure the presence of diverticula, angiodysplasia, patchy colitis, or small polyps (Strate and Syngal, 2005) .
Angiography offers some therapeutic options, such as arterial embolization. However, the capacity of this procedure to detect a hemorrhagic site is limited when the bleeding rate is less than 1.0 mL/min (Howarth, 2006) . Similar to colonoscopy, angiography can be nondiagnostic when GI blood loss is intermittent or quiescent. This procedure requires active bleeding not only at the time of the examination but also at the time of contrast medium injection. The accuracy of this procedure in detecting the site of blood loss ranges from 43 to 87% (Lim and Ahmed, 2004) . Angiography is also invasive with a 2% rate of complications including contrast-induced renal failure, arterial injury and/or thrombosis, and mesenteric ischemia (Peter and Dougherty, 1999) .
Multi-slice CT angiography is sensitive in localizing extravasated intravenous contrast medium within the bowel lumen, but this procedure still requires active bleeding at the time of imaging. Nevertheless, even if an active bleeding site is not determined, multi-slice CT angiography can still identify pathological lesions (Gupta and Reddy, 2007) . On the other hand, capsule endoscopy is non-invasive and generally does not require significant bowel preparation. This procedure allows non-invasive imaging of the entire small bowel and is currently used in the out-patient setting, and when a history of obscure bleeding is present (Gupta and Reddy, 2007) . However, accumulating evidence suggests that capsule endoscopy during, or as close as possible to, the active bleeding event may reveal the bleeding source in up to 92% of patients (Apostolopoulos et al., 2007) . The main contraindication is a known or suspected GI obstruction, strictures, or fistulae. These conditions may lead to capsule retention and possible surgery if the capsule is not excreted naturally. Other contraindications are difficulty in swallowing, large or numerous intestinal diverticula in which the capsule might become lodged, Zenker's diverticulum, extensive Crohn's disease, prior pelvic or abdominal surgery, pregnancy, and the presence of implanted electronic devices such as pacemakers (Hartmann et al., 2004) . In approximately 20% of patients, the capsule batteries have also been reported to wear out before the device reaches the cecum (van Tuyl et al., 2004 Tc-labelled sulfur colloid. These techniques are used for the localization of acute GI bleeding (Zuckier, 2003) . A clinical suspicion of bleeding is attributable to a Meckel's diverticulum, and 99m Tc-pertechnetate imaging can be acquired to confirm or exclude the presence of ectopic gastric mucosa (Ford et al., 1999) . Currently, radionuclide bleeding scintigraphy is most commonly performed using the 99m Tc-RBC planar scan, which can detect the site of blood loss even at a minimal blood flow of 0.05 mL/min (Sgourakis et al., 2011) . A positive result can be acquired, and the coincidence rate is 85% (Galbois et al., 2012) . This technique is simple, safe, and non-invasive and even allows for continuous monitoring over hours, which is a major advantage in comparison to other diagnostic methods because most GI bleeds are intermittent and thus frequently missed (Marignani et al., 2005) . Accuracy in the localization of the bleeding site can be improved by acquiring a continuous dynamic scan that can detect RBC accumulation as early as possible (Meller et al., 2000) . However, some possible limitations should be considered with regard to establishing a diagnosis of GI bleeding, and particularly in attempting to localize the bleeding source. The main limitation of RBC planar imaging is the inadequacy of anatomical information that this procedure provides, which can then preclude the correct identification of the site of GI bleeding (Howarth et al., 2002) . The strong peristaltic and anti-peristaltic movements produced by the irritative effect of blood on the bowel wall may also preclude correct identification of the bleeding site. These movements can push RBCs within the lumen from the bleeding site to another location where the RBCs are later detected by scintigraphy.
SPECT/CT fusion imaging can improve the identification of anatomical sites because of the true 3D nature of the information acquired, which is typically presented as cross-sectional slices through the patient. Fusion imaging, which combines functional data derived from SPECT with the morphological details yielded by CT or magnetic resonance imaging, can facilitate the identification of the source of bleeding by providing accurate anatomical information about the sites of 99m Tc-RBC accumulation. Moreover, the recent introduction of hybrid SPECT/CT cameras has made the process of image fusion easier and more reliable. These systems can acquire SPECT and CT images in the same session with images acquired simultaneously by means of the hardware (O'Connor and Kemp, 2006) . To date, the vast majority of applications of this technique have been reported in oncology. Nevertheless, SPECT/ CT can also be used successfully in patients with other diseases (Schillaci et al., 2004; Bunyaviroch et al., 2006; Filippi and Schillaci, 2006) .
In this study, bleeding could not be located accurately in 8 cases due to the presence of unrecognized anatomical sites. SPECT/CT fusion imaging not only generates 3D nuclide images but can also combine nuclide images with CT images, which is an obvious advantage.
